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Abstract of JP4280465 

PURPOSETo provide a semiconductor 
integrated circuit device having a high speed 
pnp bipolar transistor in a fine area and its 
manufacturing method. CONSTITUTION:An 
emitter region of a pnp bipolar transistor is 
adapted to be formed around an active region, 
which makes it possible to increase its 
effective emitter area and speed up its 
operation in a fine area. 
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#M-sp4-2 8 04 6 5 



l!Xi-;/^'«;®i, fulBpS!XS-/5'®;®tCBI*n75:W 
gB n - X ««0 aff 4>^8P iCSi^^ nfc'^ - X ?l ffl 

mMms] wiEx5-7^giffiLgtt, D^^tt**^ 

§tsR®$5KII 2 JSSB«®5#^*|I|lIS§Sgo 20 

mn^n, -fp-o. pHpn-r^^-^h^^v^x^^j^j^iS 

lEp n p;n'-Y5}^-7 h^>i^X^7»n^^-X^:^i:, 
50^-3. S98Bnl!^-X®^coj^HgE±tMe-rs^lX 

(Dmt^^w.^mti^o\zmunm^-7.ui$.nnm% 

tf" fc^tt & nfe Wia p n p A'-f # - 7 h 5 > i^X ^ O p 
l!X5i/^««^:. ttitB^lX5-;;^'?ltBLJl±tcMft 
U /i^O, MIBpSX^-y^J'M^lCH^nfcfirtBnS'^ 

-x^iScefStf^irss-rs^i^-x^imbst, 

WtBS 2 ffittffilStf IcUtt 6) nfcttrtB n p n /\H si« - 9 
h9>>'X^S'®pM'^-XM«i> ttftepiU^-XW^ 40 
©aiS**(C^tt6nfcnSX5>7^«;«t. MtBn^ 

xs«y5'li*^*HtrJ;5fc^tt^n, j&^'z^. fJfBpffl-^ 

-x««®MH?Efi'^»w-r5m2^-x?iwbpt, m 
Eii2^-x?imb±»fc®4b, *>t3, ttr(ansx5 

-y^M*SlC^^-r5^2X5>y:?^[mU*i:, &*-r?) 

[W*56] MSEn pnn-i-Tf^-^ h^>i?X:J'B;tKtff 
ffipnpA-f 3i«-7h7>>'X3'l4, ^ 1 



[W*:«7] ItrtEn p n;t'l'#-7 h7>-:^X3'®3V 
^'^^WIBSI 1 mrlB p n 

^m^umzm^-^n. is^-^. mtBnpn/K#-5h 

^>5^X5'® nl!X3 5/3'®*S^:ttrSBp n p/W#- ^ 

h ^ > v'X iJ' ® p MX 5 i: fci^lggS n 

Tv> s c t ^mWiLt^mmm-^<r>mmm 6 to«®* 
t. t(rtais±tcmi^#:Jisf^sK-r^i:xet, lata 

l|13l#:SS:/'-?:5'-x>i^-r-&r n p nm^i^ 

h^>i'X3'®'<-X§[HlLJit p n pA'-fjJ^-^ 

h7>>?XrS'®X5y;5'?iaibMi, ^I^BttCJjgJ^f S 
Xfe t , 1 -h ^-^ty tfrlB^ fii-h fC^ 2 «#: 

SJltlCd;OWffin pnn'1':j^-9 h9>J^X^'®X3 
•y ^^IttitHtMiap n nn^-^-vY'yy-JT.^n^ 

Si|^fFi*«®«HSI 8 :BIBit®**<t:ft«(|5IKgB®S! 

[»*^10] ti(Enpn;\M:^^-9h^>>^X^'®'^ 

-X?ltiiL-)lRtXpn p;^M#-5■ h9>>'X^®X5 
•y^9IWbS*J^^Lfc^, ttiapa!:^iWiKl&«rfB^ffl 
±(C#A$-Br-5Ct(rJ;-r)T> ffllBn p n A*-f 7 h 
^ >xXi5'®i>1.SE'^-X®*ti;SirfBp n py^''1'#-^ h 

5>v'x^®x5 y i$'mMt^nmzm!$.-r^rM^^ 

tfIIBnpnA'-f#-9 h7>vX3'®X 
5 5/3'§lfflLeRr;p n p A'-l"*-^ h^>i^X3'®'^ 
- X ? I ta b Jl tf) ic ^ A ^ n & n a^lifitl * W bB is ± t 
«A-r^ittJ;t3T, tafBnpnAM3j?-9h9>>7 

XiJ'WXS >y3'ffi:^it(rBBp n p/t-f h^^i^X 

^ ®^gE'^ -xmrnt^ mi^izm^t^ ^t^^mtt 

[0 0 0 1] 
[0 0 0 2] 

[|ie*OS«] jfi^, B i -CMOSifW-eiS. ffliWt 
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n^o -e^iT. taisB i -cMosy- hiMi?S(?>ai;fjs 

jfel.^Tfe. CMOS^^- hIeIi^j;DiSjitt^iST^iFrJa 10 
U^mmB i -CMOSy- 1 9 9 

0^7^ 1 9 B. r«^«ffiafi^^j riEiCE 

TechnicalReportj US 5H^:^6 0 H<?)5A^CD3tBR 

MHBffi«MB i -CMOsy-Mpil^S<osatt^-h^i^tc 

fflSB i -CMOS^*- hlHiK^«^-r^pn pA-f/}^ 

[0 0 0 3]^;^, 1 9 8 9^ I EDM (Internationa 20 
1 Electron Device Meeting) pp903~905> \Z 
ffiiKOJ. Warnock^0^ffi^tf^> nS^tt^-X^:« 

-n-yy:f't^^'^\zWLn^t\. ti^-::^. tlflBplIx^ 
^5imbJi<i:^*r^«Ea!pnpAM3}^-^h^>vX 

v-UnX ^;l/7y^-r>, h^>-:^X^ (double-pol 
ysilicon-Self-aligned-transistor) i:^)Pf^itl> 

[0 0 0 4] 

[0 0 0 5] «?iib(7^S;i^^^e> fflfflMB i -c 4» 

[0 0 0 6] Mtaffi«SB i -CMOSy-MiI¥StC:fe 

^^XU. ^(D:3V^'^timmM&. (Vcc) [rS^$n 
fen p nA-f /i^-^ h^>vX3^)^?^M^-r^y;l^T^y:/ 
lif^PfCDiSMSt^ch. ^(Z)r3l/^:57?^tj^:Bfi«© (GN 

D) \zmm^nfzvnvn-(^-'yh'yyz^7.^tim^ 
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4 

^(DMmt^m^tz,^\Z\^. npnA-fsJ^-^ h^>>? 
X^^cDgM^F^ ch p n p AM # - ^ h ^ > vX3^ ©ii® 

WrK ^ A^ ^ >x J: < SfcST'S i:: L ^mmx&^ o 

[0 0 0 7] L^>i.f3:f)^^. pnp/t-f#-^h^>>? 
X:$^ti, #^+^UTT-£-63jN-;l.(D^»^jOtnpnA 

S(cj:b-<T*?ji/2i/h$v>fcs?)> mx\t. ±tat^e*ft 

ffiCDSA^COct^>(C, pnpA-i^^-^h^^vX::?^^ 
n p n - ^ h ^ > vX 3^ l«I«lcifM«3tT«^ 
LTfe, pnpA-f /I^-^h^>>?X^(7)jffigfMiK^f 
t[^. n p nA-f h^>vX^(Z)*^l/2 L';0^^ 

A^>X<0;^5e), fflffi^B i -CMOSy- MHlSSc?)ii 

M^^icogfen. ^^y)WMi\:^+»\zmnt^i^\ 
t (Dnu^ ^mm,^^mz-:)^>xmwizm^Lrco 

^<D^^^m4\Z^^o H4f^4oViT. ft«|Ati, np 

nAM4^-^ h^>i^X5^<Z)#tt. iffi^Bltp n pA-T 
3}^-^h^>vX3'CO#tt^:^ro I^S(C*5ViTP 

AW#-^ h^>5^X^t^. |BI-^7:)5^^f'<>;l/-;l/^C^ 

mmti^^m^ti^u^o\z. pnpA^>}^-^h^>i^x 

^(Dmmm^Wif t\t. npnA-r#-^h5'>>^X3' 
^it^. Sf3l/^:$^«M®«t;i*5V:ir. 5 [GHz] 
T(h»b<*M[^LTL*5fci6. r^affi^(D*i«^B i 
- CMO S tC+^^tcMJiST^;^^Vi^a;0^*§o 

[0 0 0 8] :k\zmMmmm.^i^^^. ffl«MB i -c 

MOScDn p nS:i;^pn pAM#-^ h^>vX3^co« 
fcSe^Sfficoj. Warnock5(^j:5tc> ^-x:^lKx^ 

5/5^®^^^-x§imb^^^^HO«ig(h;^oTVi^ 

#te:p n p7t-f 7j^-^ h^^v^x^'Tli. ir;i/7r^-r 

fecDO, x^^y^Bfficofi|/htcj;D, «Sitigifitg*r;e^^fi 

[0 0 0 9] ^etc*5!H^^e^i, ±M^)Vyry^ 
X h'^>>?x^^ffli'^^ffl«MB i -CMOS©:/n 

•feXnX hf::oV^T^f^L;^::p _b|BJ, Warnock^C?>p 
npAM3}^-^h^>v=X^^a> mi^B(^#U>^Un 

>Tn^^-X5lffiLJg^?^^rgL> m2)ig0:;^^U v-U 

-:*^> a^coir;i/:7T^<>npnA-r7}^-^h^ 
y>^7.^\X. lliJiB0O3}fU vUn>TpMco^-x5[ 
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[0 0 10] ^mm^t. ^mLTcmmj^^m^r^rci^ 
[0 0 11] :^mm(^-^<Dsmt. mmt^^mMm^t lo 

[0 0 12] 

[0 0 13] pn pA-r#-^h^>i:^X^^*'r^^ 

^M± \zmn^ ntsiB p n p /\* ^ 4^ - ^ h ^ > ^ 
ftis^. fSfSBfseM^tf^^c^tt^nfcttiEpnpn-fT}^ ^ 

«$n. mm^mm\m\z^->xwmnm^-7. 
mm.(Dm^^^n>^mt^^'D\zmnnm^-7.mm(Dn 
mm^\zwtn^ntmt^x> n p/t^Tt^-^ h^>vx^ 

[0 0 14] fflfflffiB i -CMOS^^-T-S^aS 

B_ti^c:glt6n. p n p/t-r#-^ h^^^vX^ 
;5^?^fig$n^^^m 1 n p n7W# - ^ h 

wtn^ntzL^mmim^. wm^im^mm^\zWLn^ 

nf-MSHp n p/N^'l':;}^-^ |-^>v^X:$^COnM^-XM 

mmmim^mM^mt^mm^mmim±.\zmn 
mix^^y^?iai.Bch. ffirfBiiix^^y^^gimbitc 

mmm^ \zmn^ntz.mu p n p am - ^ h ^ >s?x 

57COpMX^:y^«;^<>. tafB^lX^:y:$7^[tiibB_h 
tcMftU MtHpSx^^y^^M^tcfflSnfcffiffa 

nm^^-T.w.^omt^^mzmmr^^'^ 1 ^-x^ia 

bJi<h. MfBm2ffitt®^tfJfcCl^tt^n:^c:f5[fBnpnA 

-f h^>vX:5^c7)pM^-XM:«<^. MBpl!^ 

- X^J^co S**gBtCi8 ^ nfe n MX ^ 

mm^m^-7.mM<Dmmmzmm'r^m2^-7. 50 
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^m\ymh. H&iB^2^-x^imL'g±tc®ffiu ti^ 
tjftanMx^^y^«^icai^'r^ig2xa^y3^?iai 

^ h^>>?X5^(Z)^lX^-/i5^5imLStt(flBnpnA 

- ^ I- ^ > vx 3^ 2 ^ - X gi m u B 
^mmw^m\z^nmm'^^uh. tfftBpnpA-Y^j^- 

^ h^>vX^co||l^-X5imL)ii:t9IEn p nAM 
Jj^ - ^ h 7 > VX CDB 2 X ^ 51 m Uii 2 <7) 

[0 0 16] 

[f^ffl] ±^b;^*^HjtcJ;n^i> pnpA-<#-^h 
<DX. MSBffittSSiK cDiaia^:^^<ii: 

[0 0 17] ^tc. XIEpnpA^Tj^-^h^^v'XiS^ 

^mmmB \ -cuos\zmm'^^z.t.\z^^x. pn 

p /N^-f 3jf - ^ h ^ > >^X ^ coiS«M®^c^ilBf MiS^ f 
t CD^KT^ n p n A-Y ^ h ^ >i^X3^ J: 0 /h^ < :fe 

[0 0 18] WtBpnpA^3}^-^h9>v'X^ 

(Z)X^ ^;/^giWLJS^f[ftBn p n/t-f4^- ^ h ^>>^X 
^^cO^-X5iaLg^^tfifbl>. ^^\z. WfBpnpA 
-r#-^ h^>-:^X^CD^-X§imLB^milEn p nA 
-Y3j^-^ h^>vX^CDX^*y^5imL.)i^*a^bL.fc 

MBT^nirx^ffiBSibT^, yp-trxnxhcD{£S;Ot|a 

[0 0 19] 

[0 0 2 0] mmi^mm'r^r^^(D±m\z^^^ 

xn—mm^^t^^(D\z\tn-n^^'^n. ^<DWk^ 

[0 0 2 1] :^wM<Dnmmo:)mmz9ttz^x. 
:^%mmm'^n^umuMMimt,\yx. Mm^. 

»«^jffi^'&1i-^::)B i -CMOSX^^T^^^y^. ^> 
^A. T^^X. ^^U Bi-CMOS SR 

Bi-CMOS SRAM(Z)[H[K«^f^. mX\t. TY 

kxiHiK. ^-(%y^m^n,E<DnmMmzBi-cu 

[0 0 2 2] Hlt^. :^mM^Mm^ri^B \ - QUO 
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S SRAMCO^^aSgSffiCOy- F^H^'1'A@8&WD 
1, WD 2, WD 3 h^^^}^)]/! 2 1 (MC 1 1, M 

CI 2) c!)[pis&«i£co-flfij^^t'[piKiaTfe^o mmz 

WD2fl. n p nA*-r4^-^ h^>vX:$7Q l&tJ^P n 
p n-f ^ h ^ >S^X5^Q 2 ^ ;^^ffi«^AM 
^> P^^:^;i/MOSFETMl, n^^^i-^jl/MOS F 
ETM2, fiJriRl, R2, tlrcfct^T^^^n^o A 

^nr, y-/'>a.y;PS!lfP€:fTi^cCVi, SJfBMOSFET 10 
Ml, M2 iiT^^^n-^CMOStffl^ffil&lHl^COai:^ 

ffilf^B i -CMOS^'&X-f ^y?>^5^|ll8S^«^bT 

;<^Uir;PTWgBl 2 Otcfi, ^^O^^Uir 

;i/i 2 i?5/^^ff:&i^<h?[|:&[^(Dvhu ^y^^xtfel::SaB$n 

[0 0 2 3] ^:?^^U-t:;i/i 2 1 tc^i. 1i#:co;?<^Uir 
2 lj??^^m^c!);;<^Uir;i/^jlKf '&:?"c5i)(^>y-H 

2 tc^r ct 5 ic, mc^'7-FSiwi, w2-,h 
Wk<r>w^'f-9m:>\. dia-, d2, D2n-- 

ir;i/i 2 its, ^^<r>xtihm^ii^^ U7.fi v^y\^^n 

ICMOS (Mil, M13) 1lXS%2 CMOS 
(Ml 2, Ml 4) Wiaffl1fi5^-^«iD 1, DIA* 

- h mfiB^ 1 ms% 2 c MO s co^n-^^nm;^ ^ tc 

Sj^$nfch^>X:77X-f ^y?i:L/T<5[)n?'V^-;l/M J^? 
OSFETMl 5, Ml G^^^tJo ^^c. MHH 1 

r;m2CMostt. «M«fivcc (w^K, sv) 
«ffi€ftGND («fj^«. ov) tfc^n-en^KS^n 

[0 0 2 4] m2\x. }Mmm^%i \ i o ^^^u^ 

A*wDi— wD6t^, ^yn-9UW^. ^com^ah 

[0 0 2 5] 0 3ti. i^WjmmWi^tV^^ i -CMO 

s SRAMcD^^-zT'W'f T'J^h^^-To l^0t;:^"r<i: 

Bi-CMOS S RAM 1 0 0(^. OO^^ 
;<^Uir;l/TWg|51 2 Otc^-r^Tt&s^^n 

TVi^So ^n^*n(5!);<^uiz;i/rwSBi 2 oii, ^iis: 

-fgBl 2 OODJ^Wt-t^. MjSHB&SBI 1 QjO^S^nr 5^? 
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^->^^-X^#-^coXm;^^i:DfT5fc56<75. 

!y F ijt^y^-i y^nv f) i o i imm.^rcx.\^^. 

ii&gBi 1 1. 'f-d^m::f)\^ry^n^^\ i 3. ^f-if 

1 0 t,(r>mzA%. ^m^nv F 1 0 1 \zsm^^xmi 

[0 0 2 6] Z.(r>^'o\Z. SRAMCOj^aSJ&tCB i - 

CMOSM(?)^a[Ml^^ffiV^^;ii}Ci:':3T. SRAM 

B i -CMOSlg'&X-r^y^>^|Hl«Sc?)ffi*fgF^>>? 
X:$^i:bT. ffl1iS(A^:)t-^h5'>>?X^^ffl(/i-i)i:: 

[0 0 2 7] S5&tKH6[i. immo^Wm:^^^ 
«MB i - CMOS SRAMl 0 0 COSS95¥M^&lX 

l-3^C^Lfcjga[ir8&SBl 1 OCoy-FSgF^-fA^El 
SIWD 2 ^^^rg-r^n p nA*'<#-'^ F^>i^X^Q 
1. pn pA-f h^>i^X^Q2. 
OS FETM l&lKn^^V^JVMOS FETM2CD^^ 
7h^z.hh^^^. ^Tz. tut2;^^Uir;PrWgBl 2 0 
(D^^'E U ir;i/^«JBgf -5 n ^-^-^^^^I/MO S F E TM 1 
1. Ml 2. Ml 5. RrXMl 6. p ^^:t-;l/MO S F 
ETMl 3&t)^Ml 4ti. WtBn^^:^.;i/MOSFET 
M2:&tKp5^-\- t-;i-MOSFETMl ^n^tiRHi 

[0 0 2 8] msRzsmeiz^'r^'^iz. mmmB i - 

CMOS«. n-S[xUri>30^&;4^^^ft:^^a^l 

mzmmmmm2nz^\f^nrcn-m^^^i^u 

n »i 3 75^ ^fcC^SOI (Silicon On Insulator)SS2 0 

0_h^C?]^^^nTV^^o 

[0 0 2 9] ±tan-^vgn>Jl3±tC«. n-m^ 

^ ^ U :n y ^ }:i ^ ^ iy^jvm 4 fjm^^^n. 
mBy^J::2ymst:ji}i^^y-f^JVm4(Dmiz\t. n + 

^^##:^^^^e;/^j:^n+^Jia:Ji5 A. 5BS.rXp + 

e;^cC§ p 6 A. 6 Bi^^^n^e 

nmnBnx\^^^o mimmmB i -cMos^«^s-r 

^npnA*-r:^-^F^>-:^X^Qlti. M^M^NP 

>vX3^Qil'S. ^\zmBx,\^^^y^)\^m4(D^m± 
nm^mi^mi^ (n-we 1 1) f)^^f3:^:ny^ 
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4 2 (NO /$^^je#)K4 1, 2 4t;iia^t^>n;tBBPgB^ 

$ n;^c n + ^ >^ U n > Jg jO^ ^ ;^cJ: -5 X ^ ^ ^ I m U 
Ji4 0A^^^t?o ftffBi1^ffi^-X®:^3 2 ABLt>X- 

xg[ffibB2 8A&A, mrSHEtt^-x^^3 2Scr;x^ 

?milxJi2 8 A^X^-/3^5imbg4 0 At^, tftH^- 

X§[mL.)B2 8 Ac7:)«gBtcgHM'&'e|gt+e>nfcMSJS 
75^^3^^1f-f H^7^-;i/X^-1i-3 3S:rKtlfWB^-X5l 
a3LJi2 8 A0_hgK{C^tt^n7^*fi^K2 9 AfC 

T. nM.mz,^wmcM^rcx:\^^. HfjiB^-x^iHu 

iB2 8 AS:r;x^>:/^5[fflL')a4 0 AtCt^, ffii^K2 9 ^ 
A. 4 UC|gtt&nfcMPgB^^M.T. ^-X«®4 2 
(NB) B:UfX^>y^mS4 2 (NE) if^^n'^n^m 

^nxv^^o tuiax^^y^^. ^-x:stti^3k^37^ffi4 

2 (NE) . 4 2 (NB) . 4 2 (N C) (D^n^tl 

;i/^xt>AB^fct3:. Cu, S i ;^cC2co^*B«J^^^iiU$ 

-f#-^h^>vx^^Qitt. >^;i/2}^ u 5> u 3 > . ^ 

*3V^T, ^-X9[mUM2 8 AOO/liJ^-X - 30 

[0 0 3 0] ;t-r:^i^-^h^>i^X3^Ql{3:. -^CD^BI 
^:7^-;i/HffijgJil 2A^. tJtE>'Un>ji3Rytx 

H5'+>^Y;ni4fptrmj^^^nfc»&Ki 0 5^rx# 

MOSFETMl) hM%mz.%m^tXX\^^o y^- 

2B\t. tftfB^-X^«3 2 A, 3 5ch. 40 

MfBnL-^^^imi/M^l 3^ii^«lt-'^?^c56tc^tt6n 

[0 0 3 1] pnpA^-r^J^-^h^>i^X:^Q2^1. 
^M:®PNP(^)SO ISS2 0 0±frC?|^^^n^p AW 

h^>vX^Q2^i. ^\Z. MtBxtf^^v-^;!/ 

5 4 (7:)^a± tc^ frt 5» nfe p + ^ iJ^j: ^ X 

xmML2 7h. nm^^mw^mML (p-wei d ^^^^^^cC 

^ n l/^ 8 A i^ffi^^n^Jill p n p AW 3j^- 

7 h^>vX:$^T2b^. ^:OAW*-vh7> 5i? 
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>?X^Q2tl. tutBh7>i^X^Q 1 di|^«;^aWT. 
P+Sa2wJi6 Ai:. p+^^*#:®«;0>e)7S^nl/^7 

4tCl^. nV^3^«tt4 2 (PC) mmWmAl. 2 4 

AW#-^h^>S^X3^Q2ti. WSH*tt^-X«S«2 

7 (cj^M^nfcn +M^^#;®«:^^S,;^d:^^gE-^-X® 

« (^-Xn>:^:^7h«^) 3 8<^:, MffH^l^gS^-X® 

-XdlWL>g4 OBi, t9IBx^:y37®^3 2Bi;:jgS 

^ nfc: p u n >ji5^^ ^ fj:^ X ^ ^ ?f m U 

)g2 8B^&^t;o fCf|BX^-/3'®:®3 2BIS. 
;^F«6f^llil 2 A, 1 2BlC?t>oTU>:^?^JKtCJg^^n 
Wt^^SlJ^ntfv MfBX5'y:$?fi:^3 2Bli. MfB:? 

^-JI/H«6i^J!gi 2 A, 1 2BEc:cfcoT*a^$n-5fS14 

-^co-^^^^teSBx^-z^S^S 2BtN1tt;i«tt« 
J®0D^H^CtutB^1^gE^-X®*t3 ^^W.^mt^^olZM 
/jJo^n. ;^i>t:>. •^<^teia:^^'HafB:7^ -;i/h^*6iiaiBl 2 

A. 1 2 B_t(C.^ft-r^o ttl3BX^^y^5[fflL)i2 8B 
<h-^-X3imbH4 OBti, iifBX^:y^5imLB2 8 
BCDMSFBtcgBK^^^tt ^n:?tffiJi^g;0^^3^§1J''Y H 

^7;t-;l/XA-it3 3<h. HaiBx^^yi5^§imtJi2 8B 
hfC^^te>nfc«Big(i2 9BtCj:'^TS^WtCiM8l$n 
TV:^^. tufBX^'y^5imUJi2 8BR0^^^-X?lffiL 

B4 0BEcti. «6&^2 9B. 4 lJciatten;fcSBPflE 

^:/M>T, :c^y9nM4:2 (PE) Rr/^-X«®4 

2 (PB) t^^n^nmm^nx\^^^. wtBxa-/:$^. 

^-XB:IX3 |xd>^^S4 2 (PE) , 4 2 (PB) , 

4 2 (PC) c^)^n-en». ffliah^>vx^Qici:i^ 

§imLB^^2Jig(Z)4^U n>BT?^^LTV:i^. 
■^^O^ h^>vX^Q2cOX^^yi5^5imb^3 2B 
h^>i^X:57Q iCD^-X^fmUliS 2 At^. |Wf— 

n^o [w[iifc^-x?imL.^4 0Btx^^>^?imLJi 

»«gTiS^t^n^o 0 5(3!)®«PNPt^tC:feVi 
T. ;^»a:X^-/:5^^[mbli2 8BC0A:^-X -.-SSI 
m\t. ^-X3[aib)i4 0BCr)/ti$^-X i^SKtt, U 
jS7-r V k - V 3 >M:^CC)A37 - >^'^n-?n^L'TI/^ 
AW3j^-^h^>>^X3^Q2t^. ^C!)J^H&:7^- 
Jl/FlgSPl 2 A^. mffBU»r^VP-V3>Mi^9 

MOSFETM2) imaWtC:^^!!^ nTl/^^o MIB^ 
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11 

j^So s:?^, *5§?lc7)pnp;t-<#-^h^>>^x^^ 

>/lpJI«WD2<:DmAS(ca>|jf §;ii:tC<J:t)T, npn 

A-f h^>>^X^i:p n p/\M ^j^- ^ h ^ >vX 

(7)ffiigB' \z7^T^'j\z. mMnm.ikf tti^m,xt.t^^ 20 

B#CDn W i7 n p n AM 4^- ^ h ^ >>^Xi5^CQ^ 

i - CMO s iHig&Tta:. 

MO s >t€^«^Tcoift»fM« f t (o^^Limn 

[0 0 3 2] p^^:?^;l'MOSFETMlti, fl^jOK^^ 

PMOS(Z)so is«2 0 0 (c^^t^nrv^-So 

x.\i^^iy^]vm^^\zm^^ntLVim^m^n.'^ (n 

-we 1 1) 7 B(Z)^BgB(c:ieit&n^o p5^Y^-;l/M 
OSFETMUt. ^tr. nS>F*E^^^£jn^^jfga 
vUn>Jil 6 A<hrgat.>^^^M>'Uit-f HJSl eBo^a 

^/^^iSiS^y-x • Hi/-i^>M^2 3 ^-vwm 

It^. tffpBiSaSV-X • Fl/'l'>^;^2 Set; 

V-X- FW>®^2 0^'^^, l'>l:)J$^LDD(Lightl 4» 
y-Doped-Draiii)«ig^?S;L'TV^^o ^ 6tcMtBn^4^^ 
#:««7Bi:>'Un>S3i:c^)Mtcfi. n^4^»«:®« 

C0SSi«S^ffiMT-5f^J6(7)n+^ffliiJi5B;^?^\ tt^t6 

my^tvx^^^o $^^::mfgBy-X ■ FP-i'>M«2 3 

y-x • Hi/^>ms4 2?5tjgj^$tiTv>^o ^in^y 
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[0 0 3 3] n^^:?^;i/MOSFETM2ti. ^I^^WL 
NMOSCOSO lStK2 0 0±EC|g^t^n. cfcO^^frW 

m^M^ws. (p-we 1 1) 8B©^a«tc^tt^n 

n^i-:t^;l/MOSFETM2^j:. g^flBp ^^^^;l/M 
OSFETMl n^^jfeavU 3 >g 1 6 A 

ISAch, n+^#zi#:®^30^^^^ig«Sy-X - F 
l/-f>^«2 2i:. h*6i^Kl 5 <hT«^$n. $ 

^tc. n-M¥i*fr®^;0^e);^j:'5<£«Sy-X • H W 
^e^lc. «[gBpM*##^®^8B,h>^Un>Ji3,hcoK 

frtt. «iffap^#»#:M«8Bcosta:flt^ffiJ^t--5fcJse) 

(Dp +^aiAg6 B^o^fl^^^nTi/^^o SuiBy-x- f 

^^(c. y-x- Fiz-r >mffi4 2/^/^gM$nTi/^^o m 

IBp^¥*;VS0^n^i-^;l/MOS FETM 1, M2 
[3:. ^y'>il/'j7x;i/ (n-we 1 1 7B, p-we 1 1 8 

B) «iS(c<t:§PNg-&XtKy^-;i/F*ejg^l^i 2Atc 

6 B ms n + mmLM 5 b osffl tccfc d ^ ysi 

ft^foJhbTVi^o ^tz,. H9fBnpnA''l'#-^F^> 
vX^Q lCQ3U^^Sffi4 2 (NO ^t;tfrSBp^Y 
^;HvIOS FETM2C0— ;&(7)y-X • FW>*S4 

2 fct^, mwm.W^A 3 ^c^&t ^nf^B3PgB^:frbT, 

V^^^. Cu, S i #(Z)^M#i:0^*^SP^n7:!:T;i/^x>j7A 

'&^Jijo^e>;^^^ia«iJi4 4 (vcc) ^o^^sM^nxv^ 

MBaB^li4 4 (Vcc) lets. 3Vcr>« 
Jli«fi*^m[J^nTV:^^o tJlBpnp/t^^l^-^ 
h5^>-::^X:5'Q2 0nl/^5^«a4 2 (PE) RtfWtB 
n5^Yt-;HvlOS FETM 1 ;^<Dy-x - Fk-r> 

mffi4 2^ci^. saiB^ii^cE^P4 4 (GND) imm 

^nrv^^o t(ffagH^jf4 4 (gnd) \z\x. myOii. 
ov<^>M«Sfi*^^ffiiip^nTv>§c t(ftaBS«ji4 4 (v 

c c) , 4 4 (GND) i^^t^SO lSfe2 0 0 ±^ 

8^4 s^t^ajj^^^nrv^^c 

[0 0 3 4] dc^Ji'StC, ^mSKSBl 1 oil, B i - 

V - F« F ^-f A^HSi&WD 2 ^m^T^n-i 7}^ - ^ F ^ 
>>^Xi5^RU^MOSFETC5^i£^Lfc*^. y-F«IF 

^-r/tm^WD 1, WD3^fe. 05 > 0 6(C^L';?h« 

b;^cB i -CMOS;Big^ffJfflLT, ECL^O/t-f/}^ 

[0 0 3 5]^tc> gf5S:r/H6tc^b;?^ffiffi^B i - 
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[0 0 3 6] 1^ 7 tC^r J: 5 tC> ^7x-A*S0^ 

m^mm^mwcMM^ p N&iXfl^^M^p n o s omu 

Sfiftf^i. M;ttilO^^ Catoms/cm2] 5gSC0^JiBft« i^? 
^mML P N P StJ^JI^^^J^NM O S CC^ V U n >g 3 
0^3 Catoms/cm^J SScr):T^MtlSa«^*'i7|S (B) 

^Mb. vUzi>JB3 4^tc5l#LS£«S:^ffi'r^:<ht;:J:^ 

T. n+fflSiiS5A, SB&rjCp+MmBS A, 8 

^->^;i-)i4f^. ^^issv-un^T^^^^n, 3 CO • iic? 

AU. m^\t. 1. 2 CMm] SS<3D|^J*^?^^$n 
n+^a2i®5A, 5B&r;p+^a5XS6 A, 6B^ 

^ n MRi; p m(D^imi(D—m^ n -MX if ^ ^ 

>'U3»g3 ^n-^Xt::5^^^>'i-;i/Jg4c^)#ffi^l. m 
7*co— "^M^Lep i IT^^n^o n-SX 

Mxif^+V'\^;i/)i4<;)^BgBic. nii:^Mt;^SJ?6^ 

tC^A-r^o f98BnM^Mtl«> «?iJ;ltSl 0^^ Catoms/ 

cm^D nm<D^nmmm(r)^)> (p) 12 

0-130 CK e V] n&<D:x:^)V^(D^ :t 
*AT^o ^tc. ?]^^«J^PNPB:r;?l^^«*^NMOS 

cDn -;^xt:^^+v'i-;^Ji4®^ffig|$t::, pM^Mft^ 

ss?e?itc#A-r^o MtapM^*Efiife«, mx\tiQ 

12 Catoms/c m^] g^gCD^M^S^CO^ -/^fti^^'^^ 
(BF2) y.\ti^^m (B) ^ffiffiL, 5 0-70 CK 
eV] eS©X:^;^:?<7)^:t>?m^ST^AT-^o t9 ^ 

iaiffic;[)*ii7^ (B) ^^m^^^^\i. *m^x^^;i/ 

^-^^100-140 CKeV] (Ci^^-T'S 03^)^0: 

;i/Ji 4 ^c^A^n&fifta n s:=pm«<7)*>j? 91 ^# 

SSt^JSL. n^4^^#:^:^ (n-we 11) 7 A, 7B 

mw^m.%Mu. i o o-i 3 o o ra 

i^MJSfi!)N2#ffiM*T*?j2 0-4 O^a^fr^'cC^o ttttan 
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^^«#:M^8Ati. pnpK'f#-^h^>>^X:5^Q 

2<;D*ffinl^^^^i^a:bT^ffl$n^o 
RIE(Reactive Ion Etcliing)#OS:>&l4X!y^>if {Cj: 

0. ?i^^««NPN]sir;pNP^Ht?®«{c. tatajtejft 

ical Vaper Deposit ion) ^4:&tfX^y5'>:$^S$S^fflVi. 

u n > 1 1 ^mu^jmmzm^^w^m-^ t 

tctrriau jgr-f V 1/ - V a ymn±Az:^m^MmN p 

N, PNP0r)mSOM^(?)Hafaxb°^^v^;i/M4(;)^ 

:?5:^:7^-;l/F*6jftKl 2A, l 2 B ^^n^^n?i^£-r 

tSffa:7H' -JPH«fi)Bj!Rl 2 A, 12Bt^, 100 0 

0 0 [nm] um<DmmxMm^^o ^.(dx^iz. mm 

[0 0 3 7] 0 8 fc^-Tct^jc. nm^mi^mi^ 
7 A^\zmmm(Dnm^m!^. m^wjy (p) ^»a 

■r^o p^^##:^ftR8A*triS?SS<^pM>F»E 

fe. m^\t^-om (B) ^^A-r^o ^t^5fet;:»Asn 

?tn^S:r;Cp^7f;Mi^{c:. CT^«1 0 0 0 ra SSco 
i«S^T3 O^^gScT^^Ma^SE-t-^chfCcfcoT, Iff 

tan -^mmji^m 5 arij^p e Aiz^ti^enm 

m^^^olz. n+Mnl/:i7:5^5lii^f®^Sl 3 25in^p + 
;rof*. n^^##:®;^7BS:i;pM#S#:®:^ 

8 BcD^BgB^c^^> Lsi^^M^ffiv t hmmm(D^m^ 

Xlt2 X 1 0^2 [atoms/ cm^ 3 S^GO^^MtlfiSc?)*: 
(B) ^Ot'Kffl^n^ 6 0 CKeV) nm(DJi:^)V^ 
CD-r:t>*m^?*T^A^n^o Cc^V t hM^^CO^ 
j>EftcD*AfCj:»P. n5^v^-;l'MOSFETM2©L^ 

;l/MOSFETMlC0U^Viflt^ffi». -0. 

6 [V] izm^^n^o 

[0 0 3 8] A\z. m9\z^T^o\z. nm^mi^mi^ 
7 A, iBjsczsvm^m^mmsA, sB<D^^(D^m 

c<^y- hffiigiKi 5\t. m^\tB 0 0-9 0 0 

2 5 cnm) umo^mrnxmrn-^o mz. df-hmm 

^1 3_hS:tfy>r-;^F»&l8^i 2 A, 12B±^^ty 
S« 2 0 0 ©^H±(::^MS**IK 1 6 A^m^ir^o 

0^^mmmi e Au. cvDrnxmrn^^^. loo 
[nm] nm(Dmmxmmr^o ^m^mmmi 6Atc 

^iu> (p) :fymA^n^o 
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[0 0 3 9] mz. MfB#jefta*Sil eAitC^Sv' 
?*tCctDift«L. 1 5 0 [nm] e*C0lK©T?^^£1- 

Lfc^fta^HTj^^-r^o mmmi in,. m«i o 
o-'2 0 0 [nm] um(Dm»^mm^^o mz. mu 

;i/MOS FETM 1 (D^- h^Ml 8 A^l/n 

Mos FETM2oo<:7'- h«ffii 8 B s-en-^^nfl^^Kt" 
ffil ^ Ati^^mm^^mBT^m^m^^^sB(D^MW^ 

XI Catoms/c eScD^^^JiSoU > 
(P) ^^SefflU 5 0 [KeV] nm<Dj:.^)V^(D'i^ 

1 8 A^cMbT@BM^T»A^n> "^mm&mmm 

ETM2(DffiSSV- X • Fl^-f 9;^/tfl^^^n 
MWB^- HSffil 8B:;6^e>Smri>MtBn^ 
7 B WSK \z p t! ^ ^ A-r ^Z.t.\z 

<fcD. p^^^-Jl/MOSFETMlCOfiJRSV-X • H 

\l. 1X10^3 [atoms/cmn SS<^>7!y^b*^'i7^- J^? 
(BF2) ^ffifflL. 4 OKe VSS<7DX:^;i/^C0'l':t 
>fI32i<5^Stc<i:D#A$n^o ClcopS^MtJtt. V- 

h««i sB^cMLTSB^-a^T^A^n^o sifiBffia 

MO S FETM 1 ^LDD«ig^?|g^T^2:^?Jf^T^ 

[0 0 4 0] )k\z. 01 0(c^-rj;5^c. MBy-hS 
ffil 8 A, 1 8 B(;o*^(7DffiIgElr. it-r F'^^-J^X^ 
-ii^2 1 ^Jj^fiKT-So tStBl^--r H^:t-;^X^— y-2 1 

\\^^m^^m§i\^tzMmzm^^'^^^. rie^cos:?^ 

ttx ? > ^^^|« r -r i: J: f^^J-r ^ t 

i^--r F»^^-;i/x^— th2 1 co^^ta^Mt^ii^v' 

^ >:tf X JitJim^fb^^^r X ^ y - X X i:-r -5 c V D ^ 

TJ^j^f^o ^lC0^^ba^J^J^^J^tf4 0 0-5 0 0 
[nm] SJtcD8iJPT?l^^£-r^c CCOIt^ H'i7:^--;PX 

2 5 O'-a 0 0 [nm] e^T?gJ5tfe^n^p 
[0 0 4 1] ^tL. trffBS:S^ex^;/^>^JCctD. 8513 
y-h«ffil8A, 1 8 BC!)^>^;O^^Kat"^'^r^- 50 
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16 

coy- F*e^M/Ot:t-A*-x^y^>if$n> ^*$n 

^cz>^:^. MSB^*$nfc:y-h«SJgtli^<^T«fi^i^ci: 
r^TV^^n-we 1 1 7BSL0^p-we 1 1 8BC9iffl 

H^:i--;i^x^-i^-2 1 ^«tt:^x 

mx\ty)'^::iyii%) m-m%^^s s o o rci 
\\L^n^^}i%\z. ttrfB<is«sy-x - fw>®^i 

9, 2 o^ffitt^b^it. MtB:t-A-x-/5^>>^lcJ:^ 

[0 0 4 2] ^tC. SfifBy- F«ffil 8ARr;t-9-^ h^e? 
:t-;l/X^-it2 l:fJ;^5>St±i-r^p-we 1 1 8B<7)^ 

ifiigKfrnM^MiKf^^Af ^<r>nm^wm%. y- 

aB^^T«A^n§o ^icDnS^iMWi. 1 0 

15^1015 [atoms/cm^] Sfi(?>^l6J^«Sco t ^ 

(A s ) 7 0-90 CK e V] eS<OX:^;i/ 

\Zi.X>. n?^:^;l/MOSFETM2(0iS«Sy-X ■ 

F1^'<>S^2 2^^?^^S$n§c Mz. MtBy-F«ffi 

1 8B&t;Cit-f F'^:^-;l/X^-it2 liS^hm^^^n 
-we 1 1 7BCD^Mtrp^T5^i^^»A*r§;i^fc:j; 
0, p^i-^^;PMOSFETMl(7)r^l8fty-X • Fl/ 

>'S«2 s^j^^Kf §o MtBp^^SEfift^J. 

IQis— 101^ [atoms/ c m^] ^.JtcD^M#lS^c7:>:7 
v{>Git^'On (BF2) 70-90 CKeV]g 

ScDXt-;i/4^co-f:t>*m^ST#A~r^o mflBpM^ 
f^tftt> MlBy- FSffil 8BBcU^it-f F'^:^-;VX^ 

[0 0 4 3] ^tC. tffsB^A^nfcnS^Sffitf&^^pM 
ttfl:$13:S« WiBlgli^iafS. «?!|;?t«9 0 0- 1 0 0 0 

ra ^scDiffiST, sei o^ff^o 

[0 0 4 4] )k\z. miwz^-^mfLUcNx^mzi. 

so I SfeO^Mi:fC^i±0. 2 C/zm] ©^(7)8 
i 02M36^^;!^.E:^if6jibK2 4^J]^^-r§o ^COl^. m?^ 

\t^yvmo:)^'DU^'x.vV:^v^y^^Wi-^m^^^^. m 

^M;®PNP, NPN<om^<5!)gBi}^(Otuta^^8i2 4^ 
miimzXy^yifr^Z.t\Z^y). pnp/t<#-^ 
F7>>^X^'Q2&U^^n p nA-r^^-^ F^>S^X:^Q 

p-we 1 1 SARXSn-we 1 1 7A(0^ffiffi^Mffi 

[0 0 4 5] ^tr. lai 2\z^r^^\z. mn(Dy^ b 
ovif'yy^-jSLZSx,y^yif&m\z<ky). MIBp-w 

el 1 8AC0^fflg|5[c^n^WT^l^>^XFvX^2 5 
^m^-r^. tfftEWvXFTX:i7 2 5^>FM#;« 
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X<D^7.^ t.\yX. n^^«i#?2 e^WIEp-we 1 1 

mt^nm^nm2 %\t. m?L\t. lO^^ Catoms/c 
m^: gS<^^*etf«^COt^ (As) ^fflVi. 3 0 

[0 0 4 6] mmmzvin^n'i^^-'yV'yy 

i£) Xh^tK mUnm'^WAm(D\im\t. S1O2/S 

\^m\z^^^xs im\zm^^^(Dx. k^^-x^^ 

XPhW1£B V C E O ^M^^ ^ a:*^ nJIg^fe^o 
[0 0 4 7] ^(D^. t{f^Bl/>^X^VX^2 I^S 

[0 0 4 8] '^\Z. tfSagWLfcp-we 1 1 8 AKtX 

n-wc 1 1 7 AC0^ffi_hS:lKtafBMSK2 4_h^^tf 
SO ISS2 0 0£^^H±tC. #^avU3>ffl2 7^ 

2 0 0 [nm] mm<Dm&xm^r^o 

(B) c!:)ci:5fj:p^:T:M«Ki^-f :t>fT3i^^twci:D H- 

T'-r^o H9Ep^^jffi«r<z)'i':*->fr2i^#ft=(i. 

10 (Kc V) e*cc>fI3A^x^;v^-. 5x10 
IS Catoms/cm2] SSCD F -XST$>^o ^(cSttfB^ 

fe^>'Un>!S2 8 J:tc. ^^l::^*K:0>J^r^§ffi»l3i2 

oT*ll$n, 10 0-2 0 0 [nm] SSc7)|iJ¥CDT 

?^j^£T^o 'A\z. mmmmm2 9±\zm&/^^-><D^ so 

VX^^^ttffl-r^p WtBvXi?7 3 0<;)/1^->fS. np 

n p AM#- ^ h^>i^X5^Q 2 (DX^ -/^§[mH^ 

[0 0 4 9] :k\z. mB^X^3 0^Jly^>if^X^ 
t UT. mtmmm 2 9 S:!^^!^^^ U n >» 2 S 
:k:x^y'^>^'r^z,t\z^'DX. mi 4\z^^^o\z. 

n p nn-f h^^^^X^^Q 1 CO^-X3[mb)i2 4» 

8 A&r>'p np;M#-^ h^>xX::5^Q2C7>X^ ty^ 

m^^iR I E#coS:^ttx^y?>'i7'^l5£fflt-'5<, i^. m 

mmmm29\t. mmx,y^>if\z^y). nm^-xm 

fflLJg2 8A^ZSJ^^y^3mvm2 SBtmUW^i^ 
->^WL. «6J&M2 9AS:rX2 9Bi:LT^n-^^n« 
B-fb^n^o ^(D^^lZ. n pn/t-f5J^-^ h^>vX 
^CO^-XSiaibBiiip n pA-f h^>;>^X^cr) 

xa ^;/^5imUJii:^l^-<^SigXeT?^^$nfcl^- 
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o^?B^(Dmmm^mmzm^r^t\z^-:^x. mih^- 

X5imUg2 8A&UCX^-/^5imb^2 8BtC«A$ 
nfcp^^3ffi«I^n-we 1 1 7 Amf^-XW^2 7 

n-wel 1 (^ttnl^^^^) 7A4'tC, npn;t-f# 
-^h^>>^X^Qlc^P + ^ ^ 
^-X®«3 2 A^fl^^t-^ii^BtJc:, taiB^-X^^S 
2 7tt^^C, pnp/NM#-^h^>vX3^Q2<?:)p+M 

¥»#^®«55^s?:c^x^^;^^jffi3 2B^?i^^T^, 
\z. m^itcvDmiz^y). so 1*^2 o o<D^ffi± 
\zs i 02moj^ou,mBm^m^vrc^. m^^tR i 

mmjmzx.y^yif^:bz.L\z^-:>x. W8a^-x?[ 

mvm2 8 AifetXX^-/^§[fflL'*2 8BC0«gBlrit-f 

H^^-jUX'^-itS 3Ji, SaSB-^-X?[WLg2 8A 
&r)^x^ry^5lffiLJl2 SBtc^LTSBM-g-T^fl^^^ 

[0 0 5 0] m^^-^ ^^yit-jvx^-^^ ^(Dmmz 

^^n-5^^^:^<^^g^T^B9POP 1 A-Y^^-^ 

[0 0 5 1] :k\z. mi ^\z^'t^'^\Zs x^m^mm^ 

4^tfffHn-we 1 1 lA^^lzmX't^Z.t.lZ^r)^ p 

^ n p n AM ^ h ^ >>?X^^ Q 
1 CD*ffi>^-XM:^3 5 ^?g^T§o mfffipM^MtlS 
4». «S|;tfrfl 0^3-1 0^^ Catoms/c m2] S^c^:^ 
M»aS<?54^i^^ (B) ^m^\ 10-2 0 CKeV] 

umx.^)v^(D^^yn'^mxmxr^o mmi>m^m 

-x®«3 2A\zmuT^^'D\zm)^^n^o 

[0 0 5 2] :k\z. mi 6 tc^t^<fc 5 tc. tuESBPOP 

1, OP 2Tffi^$nfc:^^S^^t;SO I Ste2 0 oo 
^S-tJC, ^teSvU 3 >1 3 6 ^fl^^ST^o tWE^ig 

se/un»i3 6ts. cYDmxmniy. so 
0 [nm] @ffi(;9MffTfl^^£t-'g>o mz. mx\t. \Lm 

(As) <^)<i:'5;^j:nM>FM^Ki^HalB^«SS>-Un>g3 

^^\z. mx\i. ^^yn^^^m\zxx)mx^^o mu 
^^yniL^(D0kmt. mx\t. 50 CKev] n&<D 

x:^;P^T, 1-^2X10^^ Catoms/c m^] e^cOH 
-XST*^o ^tcM;l^i. 9 0 0 VC] U&X. 10 

^Keffi<7)^®a^SStcJi;::T:::^tc<^oT. fttfE# 

^^i^^)nym3^\z^x^rifcnm^mm^mtmu 

OPl, OP 2tCci:DMS$nfcM«tcH5^^:/^>ilS 
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^ ;^cJ: ^ n p n A-f - ^ h V >>^X 3^ Q 1 COX 

[0 0 5 3] 'A\Z. mi 7\Z^T^o\Z. ttlBU-vXh 
yhy>i^7.^Q2(D^-XB\ttilym4 0Bii^mmz 

igxe^C^ D n p n A-r 5}^- ^ h ^ >>>Xi5^ Q 1 <h p n 

[0 0 5 4] mz. mQ\Z^^^o\Z. /U^-yhy 
>>?X^'Q1, Q2Sr;MOSFETMl, M2(D#* 
T±^#t^SaeES O I mU2 0 0 O^^HitcMrsl^SK 20 

4 1 ^jj^^r^o f«fBgFfl*eiSK4 n^. &mtcvD 
miz^y)m^'^nfts lozmt. miss i02iK±tc^ 
n^n. cyD&i!m^^nr^:i^^m (b) s.t)^^u> 
(p) ^^-^ s 102m t<D~mmmm^MfS(.^n^o 

^M'A. mnmizxy^-y^t^ct.iz^^. 31x^:5^ 

3l±i'fM«El3, 14, X^>yiS'5[mtg4 0 A. 28 
B. ^-X5[mbJg2 8 A, 4 0 B:S:t;igfi^V-X • 
H k-f >fi^ 19,20 c^)^>^r Ic^^r ^j^J^TL^fl^^KT 

^#:®iSCD*^ [C. SaW^CS^T^3l/^:$^«®4 2 
(NO , 4 2 (PC) . 31^y:^mM4 2 (NE) , 

4 2 (PE) . ^-Xmffi4 2 (NB) , 4 2 (PB) 

msv-:^' Fw>ma4 2&fl^^-r§, mmmm4 

A'&^JiTfl^fiKU. 4 0 0-6 0 0 [nm] S^OlgS 

^'^mi¥mmo:>m\z. T^^^^r^vuit-f h (ptsi) 40 

^B&Jl:-r^aWT?^^>:^'1' h^-l" F (T i N) «coW 
±=&#?:^SO IS«2 0 Oor)^M±^::lFBliejai^4 3^ 

m&^^o mt^smmm^43\t. ^j^asoGCspin- 

On-Glass)i*T?^f£$nfc:2 0 0 [nm] nm(Dmm<D 

5 0 O--? 0 0 [nm] @^0!)MJ*09S i 02M<hco*flB 
SiT«^T^o ^tc. m'B(Dy:th^)V^yy^ -RZS 
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\zx.v^y!f^^z.t,\z^r^. mUWS.42\zm^^^ 

L'TMHdms4 2 6c^^T^ea^ii4 4 ^mm-^. m 

X 1? A^^g ^ :7 :t h u y i^^ 7 ^ - SlO^x 
«tcj:DA^-x>^-r^;i^tci:'DTj^^te^n^o M 

IHSH«S4 4JC^1. >P}^«^SSfiAVc c (3V) . a 
^«&GND (OV) jO^fflJtJ^n, ^^-^^-yhyyz/ 

x^msuosY'ETizm^n&.fim^^^n^. ^rc. 
mmMmm4 4u. m^o:)mmz/^^-->^^nmi' 

«Jg4 4±&^tyfJfBSO lS«c^^a±fC. /^yiy^ 
-v-H >K4 5 ^fl^^f So A-;->-^-->3 >I14 5 

\t. zyy>m. mitmmm. mmmo^^^ ^m^mmv 

5c^)TS(D>'^>Mt^l 5 0-2 5 0 [nm] 
VCVD^T*fflL. 1. 0-1. 2 C/zm] S^COfli 

^^nfcjj^u^^ Hiswflg^T?^^£$n> 2-5 

i -CMOS SRAU<DT)Vyr-BVyhJ^y-'^ 

*S!9lcoS»JTafe^ffi«MB i -C 
MOSSRAMl 0 0tJ^figr-5o :!:C0J:^Er. 

OOpnpA-r:5^^-^h^>vX^Q2[^, ^te^S^Un 

»i(c<fc'3T, ^-xs:z>*x^-/^^§imbii&«j^L.fc 
cDT. m:bmzm\^^m^^mm^^<^m't^z,t7^^r 

mmx^y^BmLm^m\^mm(Dmmizm^i^^ 

mBm^(Dmm^i<^<^r\z. *^m^x^-;^ 

'i:^-yby>-jy^^Q2\t. mmfx.mmx. wmmm 

[0 0 5 5] Sfc. ±f2*SgK(^pnpA-f3j^-'^h^ 

>yX:5^Q 2 <tn pnA^-r^J^-^ h^>vX^Q 1 



Bi-cMosj^, mn^^-yVyy 



mn^^-yVy>P7.^Qi, Q2<D^n^n(D 
^w^mm\z^n^mWimm'&^mnm\z't^z.Lf)^x 
•^Sc ;icoaats. pnpA'f#-^h^>s^x^Q2 

^-c^)X^-/^^a3K&npnA'f#-^h^>-:^X^ 

(Dx.^y^mn^Xi±'^<X'^^<Dx. MnMW$rc(D 

jKir^S^^^fiT & n p n A-f # - ^ h ^ > vX 3^ ct ^) 

Mc?)*g*iS!B i -cMos^i. ^mm\:ti>^. i^jiib^ 

[0 0 5 6] ±tE*^?g(^ffi1t^B i - CMOS 
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n p n A-f h^>vX37Q 1 

i: p n p 7t-f ^ - ^ h ^ > Q 2 (?)^ - X 31 m L B 

3j^- ^ K ^ > vx^ Q 2 ^'mm'^jLmfi:kmzmmit 

ffiynirxnxh^b^^^T^^o ^fc. ±SB 

^TJ:5tC, p^'\^^;l/MOSFETMl®:ri^'npnA* 
4^-^ h^>>^X^Q lttM:^N-we 1 UcEB^ 
n, n5^Y^JP^MOSFETM2ifcCXpnp7M3j^- 
5^h^>>?X5^Q2t^. ffi«P-we 1 U;iBeB^nT 
t/^^c *9SBp?^^;l'MOSFRTMl 0Dy-X®«2 
3&tXn p nA-f h^^i^X^Q 1 

1 3 tcji. «agea«sv c c (44) jo^^^^sbc 

ONTl, CONT 2 ^^LT, -^tl-^nSS^nri.^ 20 
1*2 2^U^p n pA-f 4?-^h^>i^X^Q2 0m/^^ 

^^ItHLM^l 4(;:t^. S;NfeBS«6GND (44) i^mm 

m^SBttV in (4 4) ti\ m^ri^^^)vms^^^ 

^^;^MOS FET^y- VnMl 8 A, 1 8 BlC^g^gg 
CONTS^^^M.TSiiS^nTl'^^o fufEp?'^- 
1^;i/MOSFETMlC0Hl/'f >^^2 3(m. mflEn 
p nAM 2|^-^ h^>vX3^Q 1 C0^-X5imi/g2 8 J^? 

-X5[fflbM2 8 AC?)A^->li, ®^N-we 1 1 ^ 

^7^. lufBn^Y^-;PMOSFETM2(Z)Hl/-f > 
ffi«2 2tct3:. t9fapnpA'l'^l^-^h^>>?Xi$^Q2 
C0^-X5imb)i4 0 B T^it^gc^l^ C O N T 7 ^:frbTS 
^^tlTVi^o irtB^~X5imb4 0BC!)A^->^i. 

x5[mu2 8A^^. p^#jsaxun>ST«^^nT 

V^^OT^ mffBp5^i':^;VMOSFETMl(7)Fl/-f > 40 
JiT«^^nTVi-2»C?)T> S8fEn5^Y^-;l/MOS PET 

M2oHi/^>««2 2\z^^vi7 v^mimm^h 

^rc. MWEnpn;t'l';J^-^b^>vX^Q10X 
^^y5'^[aibg4 0 AtCf^. [HlS&WD2cr)|il:^M-*^Bl 

Dmrm;^SB«svo u t (44) s^si^conts 
^itvxmm^nx\^^^o wisx^-/^5imbB4 OA 

Wb^n^o tfrfESirL^^ R 1 tct^, tutEm:^BB 50 
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^Vout (4 4) 35?tjf^g|5C0NT9^:^>LTgS^$ 
nXV^^o ^fe. p n p/t-r#-^ F^>vX3^Q2(Z) 

x^-/:$^5imbB2 sBtcfi. t&8Em^?sa*svou t 

(4 4) ^^gBi 0^'S\'hxW^^nx^^^o WtH 

X^ -/5^^|{libg2 8 B(DA:$7->t^, ®iSP-we 1 

TV>^o pnp;t-f:jj^-^h^>'vX^Q2c^ta 
ffi^-X?IWL'B4 OBtCl^. MtEfitTL^^ R 2 
^|lf^feJe)C?:)SE«iJl4 4;$/^\ gi^gECONT 1 1 
Tg)@l^n. WfEStn[^^^R2tcti, t9IEBH*SB4 4;0t 

ig;^gBcoNT 1 1 ^St'uxmw.^nx^^^o z(d^ 

o\Z. npn/M#-5^h^>>^X^QlCD^-X5ltti 
b)i2 8AB:r/pnp;t-r>}^-^h^>>^X^$^Q2C0^ 
-X?imLji4 0B^#MOSFET<hC0S^tCffiC'i^ 

L)B2 8 A&r/p n pA^-f h^>>^X^C7:)X^!y 
r$^5imbg2 8B^StrL^TRl, R 2 {Cfijffif ^ ch 

tCi;oT, *5§0J1COffiSMB i -CMOS^i. l^-fy^ 

hmm^i^mz/\^^<x^^(Dx. ^nrntimmx^ 

luiEffitri^^R 1, mi WZTKlyfzM 

TRl, R 2 (7)Sin;fil*. ^-X?imL)g2 8 ASr/X 

^:y^5lffiL'W28B tC^A^n^ p ^^ilfitrco^Afi 

chT&tpJtgTa^^o tffSEffi^Vcc, GND, Vi 

n. voutm\t. m2ms<Dmmm^j:m\z^om^ 
'^nrzMmm4.4xm^Lrcf)^. z.n\zM^-^n^z.t 
\tu<. mimscommm^xmz^r)j^^^tircsm 

^4 2T«figLTfeJ;l'^o 

[0 0 5 7] :^mmm6\z^'Dxr^^ntzmm^ 
mmmmm\zmr:^^Mi^mzmmiyrcf)^. :^mm\t. m 
$^mmm\zm^^n^h(Dx\tr^<. ^(Dm^^i&m.i^ 
f3:\^>mm\z:i^^>xm^mM^mx$>^z.t\tioWsx& 

M^^i. ^^mU. Bi-CMOS DRAM(Din 
amic Random Access Memory) {ilififflT-^-^o B i 

-cMosy- hTu^mzhmmx'^^o ^tz. mse 
>m±\zm^u. ^>:i^xT->s^uit'< H (ws i) ^ 

X^^^\ 
[0 0 5 8] 

[0 0 5 9] JfaaSiB i -CMOS^tS^-r^pnpA* 
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mi] :^^mf)mm^n^mmmB i-cmos s 
ms] :^?^mi}mm^n^mmmB i-cmos s 

[Bf8] m^msm^\z7^\yt::mmmB \ -cuoscD 

S9ji?&ffi S S! it T.gJH C S^-r »f M ^ b ® r * 

'So 

[lEIlO] gI55:lX|EI6tc^L;?h^MSB i -CMOS 

[011] S5B:D^H6 tC^LfcfflM^B i -CMOS 
[HI 21 H5&y:ia6(C^Lfc'tf*il!B i -CMOS 

[mi 3] ^sjirKige^c^LfcffiMSB i -CMOS 

CO Sig::;^ S ^ MMxgJii tc^T»f M El ^ ^ b CO T 

[014] 05:g^r/06 tC^LT^^SM^B i -CMOS 
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[Efl5] H5&lKH6lC^b)^::^B1t^B i -CMOS 

[iai6] 0 tSUS:*B«aB i -CMOS 

[017] ^BRDtiaefc^Lfc-lilt^B i -CMOS 

i^? [018] *^?gcr)ffi1f^B i - CMOS coif KJ^CxA^ 
[^-^©ISiBJ] 

'Jn>^, 4"-n-MXtf^^>-^;l/^. 5A, 5B-- 
n+^ai^ig, 6 A, 6 B-'P+^JliA,^. 7 A, 7B 
-nS^x;l/®^. 8 A, 8 B-pM^^a:;l/«:^. 9-- 

u«T'i'yi/-v'3>®«. io-^#IK. 11 -^iK 

Sv'Un^. 12 A, 1 2 B-y^^ -;i/HMi^lK. i 

^ 1 6 A-nM^^^v-Un^JS. 1 6B-mmj^^m>^ 

Uit^HH. 1 7 -jffiigjl^. ISA, ISB-.-ir-h* 

1 9-n-M¥»#:®*K> 2 0-p-S!¥*#:S 

2 1 -it-f H':7:^--;l/X^-1^-. 2 2-n+M4^» 

(y-X- HW>^«) . 23-p+M¥«ft: 
(V-X- HlxOffi^) . 24-*&«. 2 5- 
|/>^XhVX^. 2 6-n^^Mtf. 2 7-nS!¥»tt: 

mm (Mn^-7.mm) . 2 8-p^^;^^>'Un> 

2 9-«ejaK. 3 0-W>?XhVX>>. 3 2A-P 

+ W^B^-X«^) , 3 2B-p+^^ 

^-XM«) . 3 6-nS#jgS>^Un>Jl, 3 7-n 

+m^mi^mm UB^y^mm . 3 8-n+^¥»ft: 

Mm (J^U^-XMm) . 3 9-L^vXhVX^. 4 0 

A-x^^y^3\mhm. 4 0 B-^-x5imLi. 4 

1, 43-jirHTO^R 4 2, 4 4-mm (7)v^:z.^ 

ABBM) > 4 5-A°^y v^->-3>l^. Ql-npn 
h^>S^X5^. Q2-pnpA'f:^-^h^ 
>>?X^, Ml-p5^^^;^MOSFET, M2-n^ 
40 ^:t-;l/MOSFET. Rl, R 2 -gtrC^^TTfe^o 
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A: NPN Transistor 



g: PNPTransistcr 




p; PNP Traratsior 



10 



\c • 1 



1 0 
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